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I .  INTRODUCTION 
As descr ibed i n  enclosure (b ) ,  Venus 3 was launched by the  U.S.S.R. 
on November 16, 1965 with the  in t en t ion  of de l ive r ing  a capsule t o  the  sur -  
face  o f  Venus. In  accordance w i t h  published r epor t s ,  i . e .  enclosure (b) and 
re ference  (3 ) ,  t h e  landing mission f a i l e d .  Furthermore, t h e  spacecraf t  
repor ted ly  impacted the  p l ane t  t h u s  leading t o  speculat ion t h a t  Venus might 
a l ready  be contaminated. Since planned and f u t u r e  missions t o  Venus a re  sub- 
j e c t  t o  p lane tary  quarant ine cons t r a in t s ,  i n t e r e s t  focuses on the  quest ion 
whether these  cons t r a in t s  require  a quan t i t a t ive  re-evaluat ion i n  the  l i g h t  
o f  t h e  Venus 3 f l i g h t .  Spec i f ica l ly ,  it i s  o f t en  s t a t e d  o r  implied t h a t  i n  
view of t h e  high p r o b a b i l i t y  o f  planetary contamination by Venus 3 ,  fu tu re  
* Work supported under Contract NASW-1340 by the  NASA Office of  Biosciences 
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missions should not be subjec ted  t o  t he  same s t r i n g e n t  cons t r a in t s  which 
would otherwise be appropriate .  
with t h i s  ques t ion ,  
The ana lys i s  which follows at tempts  t o  deal  
In addi t ion  t o  t h e  unce r t a in t i e s  inherent  i n  any est imat ion of  
p lane tary  contamination p r o b a b i l i t i e s ,  t h i s  ana lys i s  i s  sub jec t  t o  u n c e r t a i n t i e s  
assoc ia ted  with the  sources of  information on t h e  f l i g h t  o f  Venus 3 .  
ex ten t  of  ava i l ab le  information i s  t y p i f i e d  by t h e  repor t  of  enclosure (b) 
and reference ( 3 ) .  Furthermore, even the  v a l i d i t y  o f  ava i l ab le  information 
i s ,  i n  some cases ,  subjec t  t o  quest ion.  
t h a t  "the descending apparatus" was s t e r i l i z e d  i s  i n  i t s e l f  inadequate because 
of  a lack o f  q u a n t i t a t i v e  da ta .  However, s ince  t h i s  claim was made a f t e r  the  
f a c t ,  and i n  view of  r e l a t e d  h i s t o r i c a l  backgrcund, t he  t ru th fu lness  o f  the  
claim i t s e l f  i s  sometimes questioned. 
presence o f  a l l  o f  the  above unce r t a in t i e s ,  the  approach taken here  i s  t o  cast 
t h e  problem i n  t h e  same framework used by NASA t o  evolve p lane tary  quarant ine 
c o n s t r a i n t s ,  i . e .  reference (1) , so as t o  permit a r e l a t i v e  r a t h e r  than an 
absolu te  es t imate .  
t o  represent  t he  bounds on the  p r o b a b i l i t i e s  of p lane tary  contamination due 
t o  Venus 3 and t h e  corresponding consequences f o r  f u t u r e  Venus missions.  
The 
For example, t he  claim by t h e  U.S.S.R. 
To reach meaningful conclusions i n  the  
In addi t ion ,  t h e  ana lys i s  w i l l  consider  two l i m i t i n g  cases 
11. SOURCES OF CONTAMINATION 
Although the  quest ion of p lane tary  temperatures f o r  Venus i s  f a r  from 
be ing  s e t t l e d ,  t he re  appears t o  be aaconsensus on the  f a c t  t h a t  the  only regions 
where t e r r e s t r i a l  micro-organisms could survive 
p o r t i o n  o f  the  atmosphere. 
b a s i s  t o  assume t h a t  Venus 3 impacted i n  the  equa to r i a l  regions o f  t h e  p l ane t .  
The only cause of p lane tary  contamination t o  be considered here  w i l l ,  t he re fo re ,  
be t h e  presence of t e r r e s t r i a l  micro-organisms i n  the  atmosphere o f  Venus. 
a r e  the  p o l a r  caps and i n  some 
As described i n  enclosure (b) , t he re  is  adequate 
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Following the  procedures of the  support ing documentation i n  
I Sources o f  Contamination 
Probe spacecra i t  I b ' t e r .  
Released Impacted Probe (1) (2) (3) (4) (5) ( 6 )  
Yes Yes X X X X X X X 
I1 Yes No X X X X X X 
I11 NO Yes X X X X X 
I V  No No X X X X 
reference ( l ) ,  we w i l l  make a d i s t i n c t i o n  between contamination due t o  t h e  
, 
s t e r i l i z e d  probe and the  various sources o f  contamination assoc ia ted  with 
the  u n s t e r i l i z e d  spacecraf t .  In general ,  t he  l a t t e r  category requi res  
considerat ion of  t he  following: 
(1) impact of e n t i r e  spacecraf t  
(2) recontamination o f  s t e r i l i z e d  probe with u n s t e r i l i z e d  
micro-organisms from space c r a f t  
(3) e j e c t a  from a t t i t u d e  control  gases 
(4) e j e c t a  from mid-course motor 
( 5 )  micro-meteorite spa l l i ng  products 
( 6 )  outgassing products 
Table I ,  below, w i l l  serve t o  i d e n t i f y  the boundary cases f o r  the  
ana lys i s .  The matr ix  of conditions contained i n  t h i s  t a b l e  der ives  from 
t h e  uncer ta in ty  as  t o  whether the  s t e r i l i z e d  probe has indeed been re leased  
i n t o  the  atmosphere and whether the  vehic le  carrying the  probe impacted the  
atmosphere. (Numbers i n  parenthesis  i n  the  row o f  sources o f  contamination 
r e f e r  t o  t h e  l i s t i n g  given above f o r  t he  u n s t e r i l i z e d  spacec ra f t . )  
Table I 
it w i l l  give the upper bound i n  the  ana lys i s .  Case I V  would appear t o  be 
3 
the  lower bound s ince  it contains the fewest sources .  
t h a t  n e i t h e r  the  probe nor  the  spacecraf t  reached the  atmosphere o f  Venus 
However, it implies  
which i s  incons i s t en t  with the  b a s i c  premise of  t h i s  ana lys i s  and c o n f l i c t s  
with t h e  conclusion reached by the  U.S.S.R. from numerous measurements during 
the  transit of Venus 3 .  This case i s  the re fo re  excluded from f u r t h e r  consider- 
a t i o n .  As regards cases I1 and 111, conclusions as t o  which i s  t h e  lower bound 
i s  b e s t  defer red  t o  the  poin t  i n  the ana lys i s  when numerical values a r e  appl ied .  
We w i l l  thus  examine t h r e e  cases ,  corresponding t o  I ,  I1 and I11 i n  Table I .  
111. ANALYTICAL FRAMEWORK 
In genera l ,  t h e  nomenclature t o  be used here  is  as given i n  enclosure (a) 
and i s  i d e n t i c a l  t o  the  proposed standard nomenclature of re ferences  (1) and ( 2 ) .  
In add i t ion ,  we def ine  the  following terms: 
P: - t o t a l  p robab i l i t y  t h a t  Venus was contaminated by 
P* - probab i l i t y  t h a t  Venus was contaminated by t h e  
t h e  f l i g h t  of  Venus 3 
' s t e r i l i z e d  probe o f  Venus 3 
PI* -p robab i l i t y  t h a t  Venus was contaminated by the  
Venus 3 u n s t e r i l i z e d  spacec ra f t .  
Assuming t h a t  we w i l l  deal with values  of P* and PI* much l e s s  than 
u n i t y  
P; = P* + P'" (1) 
We can expand the p r o b a b i l i t i e s  P* and PI* as follows (see re ference  
P* * p- 'p' .p N R ' 6  
i= (6) 
i= (1) 
P !*= (P+.Pk.P& (3)  
The no ta t ion  i n  equation (3)  f o r  i r e f e r s  t o  the  l i s t i n g  of contamination 
sources  given i n  Sect ion 11, i . e .  i = ( l )  r e f e r s  t o  impact of the  e n t i r e  spacecraf t  
e tc .  
'4'. 
CASE I : (Spacecraft  impacted and probe en tered  atmosphere) 
I t  w i l l  be convenient t o  group t h e  var ious component proba- 
b i l i t i e s  as follows : 
P; = 
The last  
smaller than the  
(4) 
term i n  equation (4) can be neglected s ince  it is  much 
second term which dea ls  with impact of t he  spacec ra f t .  
This can be j u s t i f i e d  on the  grounds t h a t  (1) a p robab i l i t y  o f  un i ty  i s  
assigned,  i n  t h i s  case,  f o r  the  spacecraf t  be ing  present  i n  t h e  atmosphere 
o f  Venus but  t h e  p robab i l i t y  of e j e c t a ,  s p a l l i n g  products and outgassing 
products  reaching Venus i s  much less than un i ty  f o r  each o f  these  events ,  
(2) t he  p robab i l i t y  t h a t  micro-organisms w i l l  be re leased  i n  a v iab le  s ta te  
i n t o  the  atmosphere i s  smal le r  f o r  the  small p a r t i c l e s  assoc ia ted  with 
e j e c t a  than it i s  f o r  t h e  spacec ra f t ,  and (3) t h e  p r o b a b i l i t y  of  growth, 
p t ,  i s  a t  worst equal and, more l i k e l y ,  it is  smal le r  f o r  t he  various 
cases  o f  e j e c t a  because smaller  numbers of  v i ab le  organisms are involved. 
Equation (4) thus reduces t o :  
Although Case I can be s tud ied  on the  b a s i s  of  equation (S ) ,  it 
seems reasonable t o  a l s o  make pR'p6 = pk-pi; on the  b a s i s  t h a t  although pR, 
t h e  p r o b a b i l i t y  o f  r e l ease  from the  landing probe, i s  g r e a t e r  than ph because 
of t h e  l a r g e r  areas  associated with a parachute,  t h i s  would be balanced by 
t h e  fact t h a t  p '  should be taken t o  be l a r g e r  than pG, i . e .  t h a t  v i ab le  
organisms which have not  been subjec ted  t o  a s t e r i l i z i n g  environment a r e  
G 
more l i k e l y  t o  grow and spread. On t h i s  b a s i s ,  Case I reduces t o :  
p; = p"p' 
R G  
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Since the  procedures used t o  s t e r i l i z e  Venus 3 a re  not  known 
i n  d e t a i l  it w i l l  be d i f f i c u l t  t o  s e l e c t  an appropriate  value for  pN. 
However, t h i s  problem does not e x i s t  i n  t h e  present  case s ince ,  again,  
we would be adding pN t o  p+(l)  and the  l a t t e r  is  assumed t o  be un i ty .  
Thus, even i f  PN i s  taken as la rge  as 0.1, it can be neglected i n  r e l a t i o n  
t o  p+( l )  = 1. We can therefore  use 
c 
CASE 11: (Spacecraft  did no t  impact, but  probe en tered  atmosphere) 
Since the  dominant source of  contamination assoc ia ted  with 
impact of the  spacecraf t  Is not present  h e r e ,  t he  var ious e j e c t a  terms 
can not  be immediately neglected.  
r e s u l t i n g  from t h e  assumption t h a t  pR*pG = pi-pi ; .  
However, we may r e t a i n  t h e  s impl i f i ca t ion  
* 
PII  is  thus  
CASE I11 : (Spacecraft  inpacted,  probe no t  deployed) 
An equation f o r  t h i s  case can be obtained by dropping t h e  
appropriate  te rn3in  equation (6j t o  give 
I V  . NUME R I  GAL E ST I iv'ATC S 
For convenience, the  equations f o r  the  th ree  cases developed i n  
Sect ion I11 a re  summarized below: 
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I t  w i l l  be noted t h a t  i n  each o f  the  t h r e e  cases the  product p '  p '  
R G  
This was done has been separa ted  out of the  summation i n  the  parenthes is .  
c 
CASE I 
t o  permit a d i s t i n c t i o n  between parameters which r e l a t e  t o  condi t ions a t  the  
i= ( 6 )  
i= (3 )  
P+( 1) P p )  z (P+)i  PN Q 
0.5 
1 N . A .  N.A. 1 - 1.5 10 -3 ---
p lane t  and a r e  independent of the quarant ine precaut ion taken by the  U.S.S.R., 
CASE I1 N.A.  
CASE I11 1 
and parameters which requi re  judgment as t o  what t h e  Russians d i d  o r  d i d  no t  
10-3 10'1 
10 O - 5  10 -5 0 .6  - 3 ~ 1 0 ' ~  
N.A. N .A. N.A.  1 
-  
do. The parameters i n  parenthesis  represent  t he  l a t t e r  category and w i l l  be 
r e fe r r ed  t o  as quarant ine parameters. 
i n  equations (7)a  t h r u  (9)c above. 
Their  sum w i l l  be denoted as Q ,  as shown 
p i  and pi; w i l l  be r e f e r r e d  t o  as p lane ta ry  
parameters.  
h estimate o f  t h e  quarantine parameters w i l l  be made f i rs t  i n  t h e  
form shown i n  Table 11. Where q p l i c a b l e ,  two values a re  given t o  represent  
The r a t i o n a l e  f o r  choosing the  various numerical values i n  Table I1 
may be summarized as follows: 
p+( l )  - probab i l i t y  t h a t  spacecraf t  entered atmosphere. 
In  cases  I and I11 t h i s  is  taken t o  be a c e r t a i n t y  and a value 
of  1 is  used. 
pt(2)  - probab i l i t y  t h a t  probe was recontaminated by u n s t e r i l i z e d  
spacecraf t .  
I t  i s  assumed tha t  t h e  Russians d id  no t  t a k e  precaut ions of the  
type considered necessary by NASA, i . e .  the  provis ions o f  a 
s t e r i l i t y  b a r r i e r ,  and a r e l a t i v e l y  la rge  p r o b a b i l i t y  o f  recon- 
tamination i s  therefore  used. - 
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i = ( 6 )  z 
i= (3 )  atmosphere . (P ; )~  - probab i l i t y  t h a t  various e j e c t a  w i l l  reach the  
The range of values used is  genera l ly  compatible with da t a  
from NASA supported s t u d i e s  on these sources of  contamination. 
I t  i s  a l s o  noted tha t  Venus 3 mid-course and r e t a rda t ion  motors 
were apparent ly  not  operated nea r  t he  p l ane t  thus j u s t i f y i n g  
low values f o r  t h i s  parameter. 
- probab i l i t y  of one surv iv ing  micro-organism on the  
s t e r i l i z e d  probe : p i  
The lower value of 
surv ivor  inherent  i n  current  NASA requirements. Since it is  
no t  a t  a l l  c e r t a i n  t h a t  the  s t e r i l i z a t i o n  techniques applied 
t o  Venus 3 w i l l  give t h i s  l eve l  o f  s t e r i l i t y  assurance,  an 
upper bound of  pN = 10-1 i s  a l s o  used. 
compares t o  t h e  p robab i l i t y  of  one 
Table I1 ind ica t e s  t h a t  Case I11 i s  not  e s s e n t i a l  f o r  f u r t h e r  
considerat ion s ince  i t  gives a value of Q no t  sigr.;r,ificultly d i f f e r e n t  
from Case I.  Case I ,  which assumes impact of t he  spacecraf t  and deployment 
of the  probe, w i l l  thus  give t h e  upper bound f o r  the  p robab i l i t y  o f  contamil 
na t ion  by Venus 3.  The lower bound must be derived from Case 11, which, 
as w i l l  be recal . led,  is  condi t ional  on the  assumption t h a t  the  spacecraf t  
d i d  no t  impact the  p lane tary  atmosphere, i . e .  it was on a f lyby t r a j e c t o r y  
which permit ted i n j e c t i o n  o f  the  probe. 
d id  t ake  p lace ,  t he  value o f  QI I  i n  the  range o f  6 x 10-1 t o  3 x 
Further  assuming t h a t  i n j e c t i o n  
would 
depend on t h e  care  with which t h e  Russians s t e r i l i z e d  the  probe and then 
p ro tec t ed  it from recontamination. In view of  a l l  of the  above considerat ions 
it appears prudent not  t o  use a vaiue ~ W T  Q
t he re fo re  ca l cu la t e  loyer  l i m i t s  o f  the  p robab i l i t y  o f  p lane tary  contamination 
T'ICBT i t s  lnwer range. We w i l l  
I1 
us ing  QII = 5 x 
To complete the  numerical es t imate ,  it i s  necessary t o  s e l e c t  s u i t a b l e  
values  f o r  t he  p r o b a b i l i t y  of growth, pk, and the  p robab i l i t y  of  r e l ease  of 
v i ab le  organisms, p i .  
j u s t i f y i n g  a p a r t i c u l a r  value o f  p '  
Although the re  i s  l i t t l e  b a s i s  a t  present  f o r  
t he  general  impression given by those G' 
a 
n 
wri t ing  on the  subjec t  is  t h a t  it would be l e s s  than un i ty .  
conservat ive es t imate ,  we w i l l  use pi; = 0.1.  
To obta in  a 
In  the  case o f  p i ,  we are concerned with t h e  passage of  t h e  probe, 
t h e  spacecraf t  o r  various e j e c t a  through the  atmosphere of  Venus and we 
a r e  looking a t  two opposing events.  
be  an aerodynamic force  t o  remove mater ia l  containing t e r r e s t r i a l  micro- 
organisms and r e t a i n  them i n  the atmosphere s u f f i c i e n t l y  long t o  produce 
growth. 
organisms s t e r i l e  i n  the  process of removal. 
and favorable  pressure  and temperature grad ien ts  i n  the  atmosphere, t he  
p r o b a b i l i t y  o f  r e l eas ing  viable  organisms can not  be completely discounted. 
However, it would a l s o  no t  be reasonable t o  ass ign a la rge  value t o  t h i s  
p r o b a b i l i t y .  
Thus, on the  one hand, t he re  must 
On t h e  o the r  hand, these forces  can not  be s o  high as t o  render  the  
Allowing f o r  a parachute descent 
We w i l l  use lo'* as a conservat ive est imate  f o r  p i .  
The upper and lower bounds on the  p robab i l i t y  t h a t  Venus 3 contaminated 
t h e  p l ane t  thus  become 
P; = p b * p i * Q ~  0 (10-1) (10-2) (1.5) = 1.5 x 
V. DISCUSSION 
In assess ing  t h e  implicat ions o f  t he  Venus 3 f l i g h t  on f u t u r e  
missions on t h e  b a s i s  o f  t h e  ana lys i s  presented he re in ,  t he  following is  
t o  be noted:  
(a) Future missions must t ake  i n t o  considerat ion t h e  p o s s i b i l i t y  
of  landing i n  the  po la r  regions of  t he  p l a n e t ,  thus  introducing a source 
o f  contamination not  appl icable  t o  the  Venus 3 f l i g h t .  
(b) The major reason why est imated p r o b a b i l i t i e s  o f  contamination 
by Venus 3 are s u b s t a n t i a l l y  l e s s  than un i ty ,  i . e .  
and 5 x 
between 1 .5  x 
is  t h a t  t he  planetary parameters ph and pk Are est imated t o  be 
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small. 
t o  reduce the  p robab i l i t y  of  in t roduct ion  of  a micro-organism i n  the  
atmosphere, Venus is  nevertheless  not  expected t o  have been contaminated 
because o f  t he  unfavorable environment on t h i s  p lane t  t o  the  r e l ease  and 
growth o f  t e r r e s t r i a l  organisms. 
Thus, even though t h e  man-made events may not  have been such as  
Reference (1) def ines  t h e  goal f o r  p lane tary  explorat ion i n  terms 
o f  a p robab i l i t y  o f  l e s s  than 
missions (70 landers  and 30 f lybys) .  
es t imated he re ,  t h e  a l loca t ion  f o r  the  e n t i r e  explorat ion program has been 
t h a t  contamination should occur i n  100 
Using t h e  upper bound of  1 .5  x 
used up by t h e  f l i g h t  o f  Venus 3 ,  i . e .  the  goal o f  Pc< 
be  maintained. 
i . e .  i f  i n  every f l i g h t  t h e  spacecraf t  were allowed t o  impact the  atmosphere, 
t h e r e  is  a reasonable chance t h a t ,  i f  p lane tary  parameters a re  of  t h e  
magnitude est imated here ,  contamination would occur i n  100 f l i g h t s .  
can no longer  
Furthermore, i f  fu tu re  missions were t o  give a s i m i l a r  r e s u l t ,  
S imi la r  arguments based on the  lower bound of  Pc* = 5 x lo-' 
i n d i c a t e  t h a t  100 f l i g h t s  under condition similar t o  Case 11, i . e .  assuming 
t h a t  t h e  spacec ra f t  d id  not  e n t e r  the  atmosphere, would lead  t o  Pc = 5 x 10- . 
This is a l s o  i n  excess o f  the goal of  Pc < 
V I .  CONCLUSIONS 
3 
defined i n  reference (1 ) .  
To t h e  degree t h a t  t he  various numerical values assumed i n  t h i s  
ana lys i s  a r e  v a l i d ,  the  following can be conciuded; 
1. The f l i g h t  o f  t he  U.S.S.R. Venus 3 i s  not  i n  i t s e l f  l i k e l y  
t o  have produced contamination o f  t h e  p l ane t  s o  as t o  render  a l l  f u t u r e  
quarant ine precaut ions unnecessary. 
2 .  Quarantine procedures assoc ia ted  with Venus 3 a re  not  
cons i s t en t  with the  goals supported by NASA, as defined i n  re ference  (1 ) .  
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NOMENCLATURE 
' t  . .  
In the nomenclature defined below, the following symbol categories are used: 
(a) Capital P wi l l  denote a probability of planetary contamination ' 5  
(b) Lower case p wil l  denote an event probability which is a component of 
a planetary contamination probability (P) . 
(c) Prime superscripts, e.g. P' o r  p' , wil l  denote probabilities relating 
to unsterilized organisms. The absence of a prime thus denotes probabilities 
relating to organisms which have undergone sterilization. 
~ 
, 
1, , , ~  n - number of lander vehicles launched over the time-period under 
consideration. These landers will be sterilized in their entirety 
prior to launch. 
&, ' L 
nu - number of unsterilized buses, orbiters and fly-bys launched over 
the time -period under consideration. 
probability that any one landing vehicle, i. e. any one of the n 's w i l l  
contaminate the planet o r  its atmosphere. 
probability that any one of the unsteriiized buses, orbiters, o!r 
fly-bys, i.e. any one of the n 's  wil l  contaminate the planet o r  
its atmosphere. 
Ps - probability that the planet will be contaminated during the time- 
P ,- L 
. P'": 
u 
C 
, period under conSideration. 
, ,  
pp - probability that one viable organism in a lander previously sub- 
jected to heat sterilization, wi l l  be present on the planet surface 
o r  in its atmosphere, 
- probability that one o r  more viable organisms not previously I ** Pp 
+. heat sterilized will be.present on rhe planet surfacc c r  ic its 
- atmosphere. / 
- probability that a viable, but previously 'heat sterilized, organism 
present on the planet surface wi i l  grow and spread so as to contamin- 
ate the planet o r  its aimosphexe. 
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plG - probability that the one o r  more v id ie  organi&ns,which have not 
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previously been heat sterilized and are present on the planet surface 
or in its atmosphere, wi l l  grow and spread and contaminate the planet 
or its atmosphere. 
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pN - probability that one organism bn a lander vehicle wil l  remain viable 
after heat sterilization and transit to the planet. 
pR - probability that a viable organism if present in a sterilized lander will 
be released onto the planet surface. 
N - number of viable organisms in a lander after heat sterilization. 
No - number of viable organisms in a lander prior to heat sterilization 
N'o <-number of viable organisms on an unsterilized spacecraft, o r  portions 
thereof, at the time it  reaches a position to become a contamination 
hazard. 
N'. - number of viable organisms from an unsterilized spacecraft which are 
deposited on the planet surface or  in its atmosphere. 
p'= -. probability that one o r  more viable, but previously unsterilized organisms 
will be transferred from a bus, orbiter, o r  fly-by to the planet o r  i ts  
atmosphere, 
; . 
p i  - probability that viable, but previously unsterilized organisms transferred 
to the planet wi l l  be relehsed onto the planet surface o r  into its atmosphere. 
p h  probability oi  one viable organism not previously heat sterilized, on the planet surface or in its atmosphere. 
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